INTRODUCTION
Use of computational models for prediction of a certain phenomenon is an important stage of the scientific method, since the quantification of variables and the prediction of how the event can be processed are important information that help in the elucidation of the mechanism (detailed steps) by which such phenomenon occurs. The validation of a model or method used in the description and explanation of a phenomenon depends mainly on information and data obtained experimentally, since the model or the method functions as a theoretical representation of a fact / phenomenon. 1, 2 An important fact is the role of regulatory agencies in different countries in the production of drugs and food, and in the guidelines for the validation and use of different bioanalytical techniques for this purpose. The authors highlight the similarities and variations of the guidelines for validation of bioanalytical methods issued by the main regulatory agencies in the world (United States Food and Drug Administration -USFDA, European Medical Agency -EMA, Brazilian Agency for National Health Surveillance -ANVISA, and the Ministry of Health, Labour and Welfare -MHLW, Japan) and that the diffusion of these validation regulatory standards assists in the quality of the food and drug production process, resulting in a product with better hygienic-sanitary profiles, stability, resistance to temperature variations and increased expiration date (degradation time) of such product. 3 Validation of methods and models has been used in several areas of the knowledge, in special for in silico determinations, and the strategy for such use depends on what the scientist aims to predict, such as example the assessment of the toxicity of nanomaterials using Quantitative Structure-Activity Relationships (QSAR) models, then validated in agreement with the principles of the OECD (Organization for Economic Co-operation and Development) to ensure clarity, consistency and reliability of model forecasts for regulatory purposes. 4 Paramagnetic NMR techniques and computational modeling approaches for analyses of molecular structures and receptor-ligand complexes have been used as alternatives to reduce the difficulty of obtaining structural data from biological systems because they are complex, dynamic and with high degree of disorder. However, they point out that 3D modeling, validated from paramagnetic NMR experimental data, is an important tool useful for understanding mechanism, recognition and biomolecular function of complex biological systems. 5 Other different strategies for validation and use of models can be thus cited: 1) Selection of active molecules with potential inhibition of tumors and possible action in the treatment of heart failure with the aid of pharmacophore-based virtual screening, validated from its specificity and sensitivity to active molecules; 6 2) The obtaining new caffeine analogues molecules with epithelial anticancer activity using molecular docking and thus validated by redocking and low RMSD between the experimental crystallographic pose and the calculated one; 7 3) Study with QSAR models, built using PLS and PCR, of new molecules derived from artemisinin, validated from the prediction of the biological activity, followed by comparison with experimental data; 8 4) Validation of the HF/6-31G** method used in the molecular modeling of artemisinin with antimalarial activity, from the correspondence with experimental data of geometric parameters. 9 We have studied the caffeine molecule and analogues using pharmacophore-based virtual screening and statistical analysis and obtained results indicating the caffeine epithelial anticancer potential. 7 We will continue here with the search for information that allows the choice of computational method for future studies from the molecular modeling of caffeine and analogues.
In this study, different experimental data of the caffeine molecule were used to evaluate the efficiency of the Hartree-Fock (HF) and Density Functional Theory (DFT/B3LYP) methods, here used with seven different basis sets. The best evaluated method here compared with the experimental data was validated, and it may be indicated to model the caffeine molecule and similar ones to investigate epithelial anticancer activity.
METHODS

Selection of molecules for pharmacophore perception
A set of 19 caffeine analogues with biological activity against epithelial cancer (ICT 50 < 0.24 mM) were selected from the literature. 10 This activity corresponds to Epidermal Growth Factor (EGF) prevention in the malignant transformation of epidermal cells from JB6 lineage mice, C141 (JB6 P+) sensitive of developmental, and ICT 50 corresponds to inhibition of cell transformation. The most active molecules were selected because the activity is a determining factor in the construction of the pharmacophore. 11, 12 The caffeine was inserted in this set because it is the prototype molecule, i.e. the common basis for the studied activity, whereas xanthine is the structural basis for the set of selected molecules. Selection resulted in a total of 21 molecules.
The crystallographic structure of the caffeine was retrieved from the Cambridge Structural Database (CSD, http://webcsd.ccdc.cam. ac.uk/) and the other 20 molecules were drawn using the ChemSketch software. 13 The HyperChem 7 software 14 was used to pre-optimize the geometry of the molecules, at the MM+ Force Field Molecular Mechanics level.
The pharmacophore was then generated using the PharmaGist 15 web server, adopting the caffeine molecule as pivot (kept frozen). The set of molecules aligned with greater number of ligands and higher score was considered the best candidate for a pharmacophore model.
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Caffeine molecule optimization using HF and DFT/B3LYP methods
The optimization of the caffeine molecule was performed using the Gaussian 09 software 17 with the HF and DFT/B3LYP methods and the basis sets STO-3G*, 3-21G*, 3-21G**, 6-31G*, 6-31G**, 6-311G* and 6-311G**, totalizing 14 different calculations. The choice of basis sets with polarization function is due to an improved efficiency in the optimization, since the atomic orbitals suffer distortions, or they polarize the molecules formed. Also, possibility of displacement of charges outside the atomic nucleus results in an accumulation of charges in a given region (polarization). 18 Studies suggest that most of calculations using basis sets without polarization function are inadequate choices to reproduce experimental values. 19, 20 Thus, theoretical data regarding geometric parameters, heat capacity (at constant pressure), IR, Raman and NMR spectra were here calculated for the caffeine molecule.
Evaluation of methods and basis sets
The Root Mean Square Deviation (RMSD) values observed between experimental caffeine crystallographic data (bond length, bond angle and torsion angle) 21 and the theoretical ones here calculated using the different methods and basis set were analized. Theoretical errors regrding the experimental values of heat capacity, 22 spectroscopic data of IR and Raman, 23 as well as RMSD values regarding to NMR spectroscopic data, 24 were also analyzed. Linear correlation analyses (theoretical × experimental data, theoretical data × RMSD) were carried out for comparison of the methods. 25 Classifications (A -D) were assigned to the different methods and basis sets, based on the best matches with the experimental data and as well as correlations, for final classification of each method and basis set regarding the different experimental data.
RESULTS AND DISCUSSION
Pharmacophore model
The pharmacophore model candidate with the highest scoring and highest number of aligned molecules (21 molecules) was selected as the best model. Score and features of the pharmacophore model thus chosen are available in Table 1 .
In Figure 1 the final pharmacophore can be visualized. PharmaGist indicates a total of 6 features (or general characteristics -GF) equivalent to different pharmacophoric groups; 6 spatial characteristics (SF) are equivalent to conformation and location in the 3D space of pharmacophoric regions.
The GF and SF characteristics are respectively represented by two aromatic regions (Ar), three hydrogen bonding acceptor regions (Acc) and one cationic atom (Pos). These regions or pharmacophoric groups could be strongly relevant to biological activity against epithelial cancer in this chemotype here investigated. The 21 molecules then selected to build the pharmacophore model can be visualized in Figure 2 .
Quantum chemical calculations
Geometric Parameters
With the spatial arrangement accessed from the pharmacophore model here built for caffeine it was possible to calculate bond lengths, bond angles and torsion angles between the atoms of the molecule. Data on bond lengths, bond angles and torsion angles between the atoms of the caffeine molecule, here calculated using different methods and basis sets, as well as experimental data of crystallography of caffeine are presented in Tables 2 and 3 . 2D Structure of caffeine, with its respective numbering is available in Figure 3 .
From Tables 2 and 3 it can be inferred that the HF and DFT/B3LYP methods showed good agreement with the experimental data for bond length. The mean of the errors (module values) in relation to the experimental values for HF were: STO-3G* = 0.025; 3-21G* = 0.004; 3-21G* = 0.004; 6-31G* = 0.010; 6-31G** = 0.010; 6-311G* = 0.011; 6-311G** = 0.011. The values for DFT/B3LYP were: STO-3G* = 0.053; 3-21G* = 0.014; 3-21G* = 0.014; 6-31G* = 0.007; 6-31G** = 0.007; 6-311G* = 0.005; 6-311G** = 0.011. The basis set 3-21G*, 3-21G**, 6-31G** e 6-31G** showed the best results for binding length in both HF and DFT/B3LYP, which indicates a better structural representation of the caffeine molecule in these bases in relation to the parameter bond length.
The geometric parameter of bond angle was better represented in the structures calculated by the DFT/B3LYP method, with the STO-3G base set with the lowest value (in module) for error mean (0.048) and with most other bases presenting values for mean error around 0.3. The HF method presented error mean values for all base sets above 0.4, which can also be considered a good result if one evaluates the magnitude of the error that is relatively low.
For the parameter torsion angle all the bases in both the HF and the DFT/B3LYP methods presented mean error values around 1.2 which attests similar structural representativeness for this parameter in both methods in all basis sets.
The DFT/B3LYP method have indicated lower values of RMSD, compared to the experimental data, considering the basis set 3-21G* (RMSD = 1.973), 3-21G** (RMSD = 1.972) and 6-31G** (RMSD = 1.931). Using the Hartree-Fock method, lower RMSD values are obtained for the basis sets 3-21G* (1.973), 3-21G** (1.975) and 6-311** (1.964). These results and the above discussions on the three structural parameters evaluated (Bond Length,Bond Angle, and Torsion Angle) show that the DFT / B3LYP method of general way presented the best results (lower error values) in relation to the experimental data than HF, which resulted in the lower values of RMSD presented by the DFT / B3LYP method. However, the HF method presented low RMSD values in all base sets and can also be considered good results.
Classification of RMSD values within A and B limits (error values lower or around 2.0) allow us to verify that, for the analysis of the caffeine geometry, all the methods and basis set here investigated agree with the experimental data. DFT/B3LYP and HF methods have been used and reported in vast literature for calculation of geometric parameters, also indicating excellent agreement with the experimental data, such as observed in this work. Calculations were performed, for example, with 2,2'-Bithiophene, 26 silatran molecules 27 and 2-amino-4-Methoxy-6-Methyl-Pyrimidine as well. classification D (correlation <0.30). Only the 3-21G* basis set shows classification C for correlation with experimental data.
These correlations express the relationship of the theoretical data obtained with the RMSD values and the experimental geometric parameters values. However, for the study performed here, these results are not sufficient to disqualify the evaluated methods. More experimental data (heat capacity and IR, Raman and NMR spectra) will be compared with theoretical data and discussed in the next sections for better qualification and classification of the methods in evaluation.
Thermochemical parameter -Heat capacity
In Table 5 , the different methods and basis set here used for calculation of thermochemical heat capacity as well as the experimental value for caffeine are listed. The Gaussian 09 software 17 returns thermochemical results for the heat capacity, simulating a constant pressure environment, at a temperature of 298.15 Kelvin. The heat capacity is an important parameter for the validation of the computational method to be used in the caffeine molecule, because it can be expressed from contributions of translational, rotational, and vibrational energies, important thermodynamic parameters intrinsically related to the structural geometric parameters. 29 The DFT/B3LYP method indicated better results for calculation of the heat capacity, since it resulted in lower error compared to the experimental value. For this method, the basis set STO-3G* (Error = 6.225), 6-31G** (Error = 7.249), 6-31G* (Error = 7.345) and 6-311G* (Error = 7.360) indicated better agreement or adjust to the experimental values. In these analyses, results obtained using the HF method were all close to the worst value obtained for the DFT/B3LYP method, with error values between 10.023 and 12.514. Due to the lower error values obtained using the DFT/B3LYP method, best classifications were then observed (most of the basis set classified as A -error < 8). The HF method indicated classification C (10 ≤ Error < 12) with most of the basis set used, whereas classification B (error = 8.582) was only indicated for the 6-31G** basis set.
Theoretically (with calculations carried out using the Gaussian 09 software), the heat capacity can be obtained from a partition function that comprises contributions of four different components: translational motion (3/2 R, where R is the gas constant), electronic (null contribution), rotational (3/2 R, similar to translational) and vibrational (3Rf, where f is a function derived by Einstein and improved by Debye, considering the number of oscillating atoms at a given temperature, which contribute to the vibrational energy). 29 It can be inferred that calculations for the caffeine molecule using the DFT/B3LYP method indicated better results for these contributions, compared to the HF method. The efficiency of the DFT/B3LYP method for calculation of the heat capacity may be related to the integration of the density functional (configured by the integration of several derivatives of the density functional), step that leads to an increase in the accuracy of the calculation performed 30, 31 which does not exist in the HF calculation.
However, the good result obtained using HF/6-31G** (error = 8.582 and classification B) could be due to the presence of the maximum polarization function (** = insertion of polarization functions for the d, p orbitals), which may provide a lowering of the error values for that basis set.
28,32-34
Spectroscopic parameters
The spectroscopic parameters (Infrared, Raman and NMR) are excellent methods for identification of substances and play an important role in the structural characterization of organic molecules such as caffeine.
Infrared and Raman Spectra
Results for the IR and Raman spectra can be seen in Figure 4 and Tables 6 and 7 . The error values (in brackets) show how the main bands vary according to the experimental frequencies.
In general, the bases 6-31G * and 6-31G** in both HF and DFT/B3LYP methods showed better agreement with the experimental values in IR and Raman spectra. The HF / 6-31G * method in the Raman spectrum showed lower mean error values for frequencies and good agreement with the intensities of the main experimental bands. he HF / 6-31G** method in the same spectrum showed better correspondence with the intensities of the main experimental bands. Also, in the Raman spectrum, both the 6-31G* and the 6-31G** basis set of the DFT/B3LYP method presented low values of mean of error and good correspondence (being similar) to the intensities of the experimental bands (see Figure 4) .
From Figure 4 it can be verified that for IR analysis the HF method in the basis set 6-31G* (E), 6-31G** (F), 6-311G* (G) e 6-311G** (H), although they have a slight shift to the left, has a greater similarity both in the intensities of the bands and in the frequencies with the experimental spectra (A). However, for the same method, the basis set STO-3G (B), 3-21G * (C), HF / 3-21G** (D) showed little similarity in both frequencies and intensity of the bands. Similar observations for Raman spectra data can also be seen in Figure 4 . These observations confirm the good match of the spectra calculated by the HF method in the basis set 6-31G* (E), 6-31G** (F), 6-311G* (G) e 6-311G** (H) with the experimental spectra, and less similarity of the spectra in the basis set STO-3G (B), 3-21G* (C), HF/3-21G** (D). In relation to the IR spectra it can be observed that the experimental data of the C=N bond (1700 VS -Stg), when simultaneously checking the frequency and intensity of the bands, there is a better match with HF/6-31G**, HF/6-311G* e HF/6-311G**. C=O bond (1) (1660 VS -Stg. asym) presented good correspondence with all bases of the HF method except STO-3G*. In C=O bond (2) (1548 S -Stg. sym) all bases in the HF and DFT / B3LYP methods showed similar intensity of the bands and close to the experimental ones, with emphasis on the DFT / B3LYP method with most of the basis set with low value of error compared to experimental frequency. The bonds C-N (1237 S -Along) and O=C-C (743 S -Deform), in general, had better agreement with the basis set of the HF method, mainly in relation to the intensity of the bands with the frequencies showing a sharp shift to the left.
In the Raman spectra, HF/6-31G* e HF/6-31G** presented better agreement with the experimental data in the bonds C-H (2963 VS 23 
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-Stg), C=N (1700 VS -Stg.), C=C (1600 S -Stg), C-N (1331 VSStg) e C-N-CH3 (556 VS -Deform), when analyzed simultaneously the frequencies and intensity of the bands. However, most basis set (both in HF and in DFT/B3LYP methods) presented a reasonable agreement with the experimental spectra data (see tables 6, 7 and Figure 4) , since, typically the ab initio harmonic vibrational wave numbers are larger than those obtained experimentally. 35 Negative values denote shift of the rightmost frequency values compared to experimental spectra, whereas positive values mean that the shift is more to the left. The positive pattern of the error values indicates that, on average, the calculated IR and Raman spectra are shifted more to the left, in relation to the experimental spectra (see figure 4) . In most quantum chemical methods this disagreement can be attributed to the anharmonicity and partially to the general tendency of these methods to overestimate the force constants in the exact equilibrium geometry. Anharmonicity can be large and show important deviations, specifically as in vibrations involving central atoms with isolated pairs and C-H vibrations.
Checking the tables 6, 7 and Figure 4 note the tendency of the minimum basis (STO-3G*, 3-21G* e 3-21G**) lower agreement with the experimental values of frequency and intensity of the bands when compared to the split-valence basis (6-31G*, 6-31G**, 6-311G*, 6-311G**) with better concordances. This trend is in agreement with the one investigated by Stephens and coworkers, which obtained results of frequencies and intensity of the bands closest to the experimental ones with the use of larger basis set. 36 Classification assigned to each method was based on the mean error values observed between the frequencies calculated using different methods (and basis sets) and the experimental frequencies values, as well as the correspondence between the intensity of the main bands. Although none of the methods indicated A (maximum) classification, the HF method showed good agreement with the experimental data for the IR spectra, with most of the basis set with B classification. The HF method also indicated two basis sets (6-31G* and 6-31G**) with B classification for the Raman spectra. The good classification of the HF method is mainly due to the good agreement between the intensities of the theoretical and experimental bands. 23, 37 Correlations between theoretical and experimental values indicate results, respectively, between 0.80 and 0.99 for the DFT/B3LYP and HF methods, for both IR and Raman spectroscopic data. These strong correlations obtained signalize that frequencies of the major bands would well correspond to the experimental values if the left of the most displacements (represented by the mean error) were disregarded and the spectra overlapped.
NMR spectra
The chemical shift values for hydrogen and carbon atoms of the caffeine molecule can be seen in table 8 . In 1 H, The individual analyzed displacements showed better correspondence with the experimental data in HF/3-21G* for H8, DFT/B3LYP -6-311G** for N1-CH 3 , HF/6-31G* and HF/6-31G** for N3-CH 3 and HF/3-21G* for N7-CH 3 . Already for 13 C the best matches were verified in HF/3-21G*, HF/6-311G* and HF/6-311G** for C2, DFT/B3LYP -3-21G* for C4, DFT/B3LYP -6-311G** for C5, DFT/B3LYP -3-21G* and DFT/B3LYP -3-21G** for C6 and HF/STO-3G* and DFT/B3LYP -6-31G** for C8. A general analysis of table 8 Good results for NMR data calculated with the DFT/B3LYP method have been also obtained, such as reported in works with 4', 7-dihydroxy-8-prenylflavan, 38 as well as 1-methylpyrrolidine-2-one-3-Halo-derivatives. 39 Here, the HF method used with basis set 6-31G** has also shown good results for NMR data prediction, with B classification.
Selection of the best computational method
The different experimental data (Geometric parameters, Heat capacity, IR spectra, Raman and NMR) to which the theoretical data using HF and DFT/B3LYP methods were compared and allowed the construction of Table 9 .
In this table, the classification data obtained using the HF and DFT/B3LYP methods were organized for each basis set analyzed. In general, the HF method indicated better agreement with the experimental data, since it occupies the top-five positions of the seven possible for this method, with a difference of only two points from the former to the fifth. The best-ranked basis set is the 6-31G** (23 points). The best basis set (3-21G**) for the DFT/B3LYP method reached only the sixth position (20 points). The STO-3G* basis set of both methods were among the worst ranked (18 points), followed by the 6-311G* and 6-311G** of the DFT/B3LYP method, the last two ones of the ranking (18 and 15 points, respectively).
Regards to the caffeine molecule, the 6-31G** basis set, in general, showed better results for each method in comparison to both the STO-3G and 3-21G bases with their respective polarization functions. These data are similar to those reported in the literature, 32, 33, 40 where the polarization functions (**) in the separate valence basis sets (6-31G and 6-311G) provide more meaningful and accurate results with lower error values, when compared with experimental data. [41] [42] [43] The best performance of the HF method in most of our comparisons with the experimental data of the caffeine molecule could be due to the accuracy of the DFT/B3LYP method in performing the calculations be influenced for errors sources that are depending on the integration grid and the number of points used in the numerical integration, where 
CONCLUSIONS
Pharmacophore generated from caffeine and analogs with biological epithelial anticancer activity indicates pharmacophoric regions that comprised practically the entire extent of the caffeine molecule, which resulted in the choice of bond lengths, bond angles and torsion angles of the atoms coincident with these regions (see tables 2 and 3).
Both HF and DFT/B3LYP methods had good agreement with the experimental data of geometric parameters of caffeine. In general, the HF method revealed better agreements with the experimental data for both IR and Raman spectra. The DFT/B3LYP method indicated better agreement with experimental data of both heat capacity and NMR spectra.
The general classification of the methods and basis set here used indicated that HF method with the basis set 6-31G** has the best agreement with the experimental datasets evaluated (GP, TP-HC, SP-IR, SP-RN e SP-NMR).
The best rating of HF/6-31G** could be attributed to your excellent individual ratings, mainly because it is the only basis set of the HF method to show B classification for TP-HC and the only one among all basis sets to have most of the classifications in A and B categories, and only one classification in C and D (both in SP-NMR). For comparison purposes, the second best classified method and basis set (HF/6-311G**) indicated two C classifications and two D.
The HF / 6-31G** method that indicated better agreement with the experimental data was properly validated, and it can be used to optimize and obtain theoretical data for the caffeine molecule and similar molecules with epithelial anticancer activity. 
